The underground or the aerial part of Saururus chinensis (LOUR.) BAILL (Saururaceae) has been used as a folk medicine to treat edema, jaundice, and gonorrhea in Korea.
Tumors are diverse and heterogeneous, but all share the ability to proliferate beyond the constraints limiting growth in normal tissue. Deregulated cell proliferation together with suppressed apoptosis and differentiation constitute the minimal commom platform upon which all neoplastic evolution occurs. Based on the understanding of tumor biology in respect to the kinetics of cell populations, two new strategies, induction of differentiation and apoptosis, have recently emerged in the fields of cancer chemoprevention and chemotherapy. Differentiation from malignant or premalignant cells into more mature or normal-like cells as well as apoptosis in multistep carcinogenesis are theoretically amenable to preventive cancer intervention. Thus, compounds capable of inducing differentiation are considered as candidate agents for the prevention and/or treatment of cancer. 13, 14) The HL-60 cell line, derived from a patient with acute promyelocytic leukemia, provides a useful model system for studying the cellular and molecular events involved in the differentiation process. 15) Certain compounds, known to be efficacious cancer preventative agents, such as interferon, 16) retinoids, 17) 1a,25-(OH) 2 D 3 18) are potent inducers of HL-60 cell differentiation, and appear to be clinically effective against myeloproliferative disorders. Thus, the strategy that manipulates HL-60 cell differentiation has been used as a valid model to discover potential cancer chemopreventive agents in preclinical evaluation. Thus, as a part of our screening program to evaluate the chemopreventive potential effect of natural compounds, we have investigated the effect of saucernetin-8, which was isolated from the underground parts of Saururus chinensis, on HL-60 growth and induction of differentiation. Various biochemical and morphological examinations performed in the present study indicated that saucernetin-8 contains the activity to induce HL-60 cell differentiation. Furthermore, we demonstrated that the expression of p21 CIP1 cyclin dependent kinase inhibitor (CDKI) was increased, whereas c-myc oncogene expression was downregulated during saucernetin-8-induced differentiation of HL-60 cells.
MATERIALS AND METHODS

Saucernetin-8 and Other
Reagents Saucernetin-8 used for this study was isolated from the underground parts of S. Seung-Ki CHOI, e and Kyung-Tae LEE* chinensis (2 kg) as previously described.
Saucernetin-8 Isolated from
12) The saucernetin-8 isolated was checked by HPLC and was Ͼ98% pure. The HPLC condition of saucernetin-8 was obtained using C 18 Capcellpak ACR (s-5 mm, 250 mmϫ4.6 mm, Shiseido Co., Ltd, Tokyo, Japan). Isocratic conditions were used at a flow rate of 1.0 ml/min using a mobile phase made of 30% water, 70% acetonitrile and 0.01% trifluoroacetic acid. Using this system, the retention time for saucernetin-8 was 16.6 min. The HL-60 human promyelocytic leukemia cell line was obtained from the Korean Cell Line Bank (KCLB Determination of Growth Inhibition HL-60 cells were grown at 37°C in RPMI medium supplemented with 10% FBS, penicillin (100 units/ml), and streptomycin sulfate (100 mg/ml) in a humidified atmosphere of 5% CO 2 . Cells were seeded at a concentration of 2ϫ10 5 cells/ml, maintained for logarithmic growth by passaging them every 2-3 d, and incubated for 1-4 d with saucernetin-8 at various concentrations. Saucernetin-8 dissolved in DMSO was added to the medium in serial dilution (the final DMSO concentration in all assays did not exceed 0.1%). Cell viability was checked by the trypan blue exclusion method. 19) Differentiation Assay (1) NBT reduction test: The percentage of HL-60 cells capable of reducing NBT was determined by counting the number of cells which contained the precipitated formazan particles after cells had been incubated with NBT (1.0 mg/ml) at 37°C for 30 min. TPA was used as a stimulator for the formation of formazan. (2) Phagocytosis test: HL-60 cells (1ϫ10 6 cells/ml) were suspended in serumfree RPMI 1640 medium containing 0.2% latex particles (average diameter, 0.81 mM) and incubated at 37°C for 4 h. After incubation, the cells were washed once with phosphatebuffered saline (PBS). Cells containing more than 10 latex particles were scored as phagocytic cells.
19) (3) Esterase activity test: A smear preparation was chemically stained for anaphthyl acetate esterase and naphthol AS-D chloroacetate esterase by the standard techniques.
19) (4) Flow cytometry: HL-60 cells (2ϫ10 5 cells/ml) exposed to saucernetin-8 were collected and washed twice with ice-cold PBS. Cells were then incubated with direct FITC-labeled anti-CD14 and antiCD66b antibody on ice for 30 min, washed twice with PBS, and antibody binding to cells was quantified using FACS flow cytometry (Becton Dickinson Co., Germany).
Flow Cytometric Cell Analysis The cell cycle distribution has been described previously. 20) Briefly, the cells were collected by centrifugation at 1500 rpm for 4 min. The cell pellets were then resuspended in 1 ml PBS, fixed in 70% icecold ethanol and kept in a freezer overnight. The fixed cells were centrifuged, washed once in PBS, and resuspended in 100 ml of a phosphate-citrate buffer for 30 min at room temperature to wash out any degraded DNA from the apoptotic cells. The cells were then collected by centrifugation at 2000 rpm, and the cell pellets were washed twice with PBS and resuspended in PBS containing 50 mg/ml propidium iodide and 100 mg/ml DNase-free RNase A. The cell suspension, which was hidden from light, was incubated for 30 min at 37°C and analyzed using the fluorescence-activated cell sorting (FACS) cater-plus flow cytometry (Becton Dickinson Co.).
Western Blot Analysis Cellular proteins were extracted from control and saucernetin-8-treated HL-60 cells. The washed cell pellets were resuspended in ELB buffer (50 mM HEPES, pH 7.0, 250 mM NaCl, 5 mM EDTA, 0.1% Nonidet P-40, 1 mM phenylmethylsulfonyl fluoride, 0.5 mM dithiothreitol, 5 mM NaF, 0.5 mM Na orthovanadate) containing 5 mg/ml each of leupeptin and aprotinin, and incubated for 15 min at 4°C. Cell debris was removed by microcentrifugation, followed by quick freezing of the supernatants. Protein concentration was determined by Bio-Rad (CA, U.S.A.) protein assay reagent, as described by the manufacturer. Cellular proteins (50 mg) from treated and untreated cell extracts were electroblotted onto a nitrocellulose membrane following separation on 12% SDS-polyacrylamide gel electrophoresis. The immunoblot was incubated overnight with blocking solution (5% skim milk in PBS containing 0.02% Tween at 4°C, and then incubated for 4 h with a 1 : 1000 dilution of monoclonal anti-p21 CIP1 or c-myc antibody. Blots were washed 2 times with PBS, and then incubated with a 1 : 1000 dilution of horseradish peroxidase-conjugated secondary antibody for 1 h at room temperature, washed again three times with PBS, and then developed by enhanced chemiluminescence (Amersham Life Science, Arlington Heights, IL, U.S.A.).
Reverse Transcription PCR of p21 CIP1 and c-myc Total cellular RNA was isolated by Easy Blue ® kits according to the manufacturer's instructions (iNtRON Biotechnology, Seoul, Korea). From each sample, 1 mg of RNA was reverse-transcribed using MuLV reverse-transcriptase (Takara Biomedicals, Shiga, Japan), 1 mM deoxyribonucleoside triphosphate (dNTP), and 0.5 mg/ml of oligo (dT [12] [13] [14] [15] [16] [17] [18] ) (Bioneer, Seoul). Then PCR analyses were performed on the aliquots of the cDNA preparations to detect p21, c-myc and b-actin gene expression using a thermal cycler (Perkin Elmer Cetus, Foster City, CA, U.S.A.). The reactions were carried out in a volume of 25 ml containing (final concentration) 2 units of Taq DNA polymerase, 0.2 mM dNTP, ϫ10 reaction buffer, and 100 pmol of 5Ј and 3Ј primers. After initial denaturation for 2 min at 95°C, a cycle number was used that fell within the exponential range for p21 CIP1 (26 cycles of denaturation at 94°C for 1 min, annealing at 59°C for 1 min, and extension at 72°C for 1 min), c-myc (25 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min), and b-actin (20 cycles of denaturation at 94°C for 1 min, annealing at 61°C for 1 min, extension at 72°C for 1 min). The PCR primers used in this study are listed below and were purchased from (Bioneer, Seoul): sense strand p21 CIP1 primer, 21) 5Ј-AGGAGGCCCGTGAGC-GATGGAAC-3Ј; anti-sense strand p21 CIP1 primer, 5Ј-ACAAGTGGGGAGGAGGAAGTAGC-3Ј; sense strand cmyc primer, 22) 5Ј-TACCCTCTCAACGACAGCAGCTCGC-CCAACTCCT-3Ј; anti-sense strand c-myc, 5Ј-TCTTGA-CATTCTCCTCGGTGTCCGAGGACCT-3Ј; sense-strand b-actin, 5Ј-GATATCGCCGCGCTCGTCGTCGAG-3Ј; antisense-strand b-actin, 5Ј-CAGGAAG-GAAGGCTGGAA-GAGTGC-3Ј. After amplification, portions of the PCR products were analyzed by 2% agarose gel electrophoresis and visualized by ethidium bromide staining and UV irradiation.
RESULTS
Saucernetin-8 Inhibits HL-60 Cell Growth
The effect of saucernetin-8 on the proliferation of HL-60 cells was first examined. The cell growth of HL-60 was inhibited in a concentration-and time-dependent manner (Fig 2) , suggesting that this chemical has an antiproliferative activity. The inhibitory effect became apparent at a concentration of 5 and 10 mM saucernetin-8, and no cytocidal effects were observed under these conditions. Thus, these concentrations were used throughout the present study.
Effect on Differentiation of HL-60 Cells After 4 d treatment, the effect of saucernetin-8 on HL-60 cell differentiation was compared with that of 1a,25(OH) 2 D 3 , and the results are summarized in Table 1 . When HL-60 cells were incubated with saucernetin-8 at concentrations of 5 and 10 mM for 4 d, approximately 24.9% and 45.7% of HL-60 cells were stained with NBT, respectively, whereas only 4.5% of the untreated cells were positive (Table 1) . 1a,25(OH) 2 D 3 (20 nM) gave 45.4% of NBT-reducible cells. In order to test whether saucernetin-8 induces HL-60 cells to differentiate into granulocyte and monocyte/macrophage, the esterase activity was measured under the identical conditions. Treatment of HL-60 cells with 5 and 10 mM of saucernetin-8 for 4 d resulted in a 17.2% and 23.2% increase of the a-naphthyl acetate esterase activity, respectively, but the effect of saucernetin-8 on the AS-D chloroacetate esterase activity was relatively mild. Moreover, cells treated with these compounds showed apparent phagocytic activity (Table 1 ). In addition, as shown in Fig. 3 , 10 mM saucernetin-8 significantly increased the expression of membrane antigens CD14 and CD66b. Morphological evaluation of the cells after May-Grunwald Giemsa stain indicated that the saucernetin-8-treated cells exhibited a granulation appearance characteristic of differentiated cells like granulocytes and monocytes/macrophages (Fig. 4) .
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Data indicate the percentage of the cells which were stainable with NBT, had positive of esterase activities or took up more than 10 latex particles, and are an expression as the meanϮS.D. of 3 experiments. a) pϽ0.05 vs. vehicle group in NBT reduction, b) pϽ0.05 vs. 5 mM saucernetin-8-treated group in NBT reduction; c) pϽ0.05 vs. vehicle group in Naphthol AS-D chloroacetate esterase activity; d) pϽ0.05 vs. vehicle group in a-naphthyl acetate esterase activity; e) pϽ0.05 vs. 5 mM saucernetin-8-treated group in a-naphthyl acetate esterase activity; f) pϽ0.05 vs. 10 mM saucernetin-8-treated group in a-naphthyl acetate esterase activity; g) pϽ0.05 vs. vehicle group in phagocytosis; h) pϽ0.05 vs. 5 mM saucernetin-8-treated group in phagocytosis; significance of difference between treated groups by ANOVA followed by Dunnett's test.
shown in Fig. 5A , DNA flow cytometric analysis indicated that a saucernetin-8 treatment for 24 h led to a significant increase in the G 1 phase of the cell cycle, whereas a decrease in the G 2 /M and S phases was detected. To assess the altered expression of the characteristic cellular growth-related proteins of HL-60 cells by saucernetin-8, we examined the expression levels of p21 CIP1 and c-myc by Western blot and RT-PCR analysis. When HL-60 cells were incubated with 10 mM saucernetin-8 for 4 d, the level of CDK inhibitor p21 CIP1 clearly increased at 2 d. In contrast, c-myc oncoprotein level was markedly decreased after 3 d incubation, and no protein level was detected after 4 d (Fig. 5A) . To elucidate whether changes of p21 CIP1 and c-myc protein levels were due to regulation of p21 CIP1 and c-myc gene expression, mRNA levels of p21
CIP1 and c-myc were examined by RT-PCR. Under the same conditions, p21 CIP1 mRNA began to increase after 1 d incubation with saucernetin-8 (10 mM), whereas c-myc mRNA was decreased in a time-dependent-manner (Fig. 5B) .
DISCUSSION
Leukemia cells are blocked at some stages of the maturation processes and display a high proliferative capacity. A variety of leukemias may arise from mutation that accumulates in haematopoietic stem cells to cause their malignant transformation at the stage of stem cells or their progeny. Unlike normal haematopoiesis, where signaling pathways to regulate self-renewal are tightly regulated, during transformation of stem cells, the same mechanisms may be disregulated to allow uncontrolled self-renewal. Furthermore, if the transformation event occurs in progenitor cells, it must endow the progenitor cell with the self-renewal properties of stem cells, because these progenitors would otherwise differentiate.
The potential value of differentiation inducers as therapeutic agents resides in their ability to overcome the maturation blockade. The present study has demonstrated that saucernetin-8 exerts a potent differentiation-inducing activity on promyelocytic leukemia HL-60 cells. This effect of saucernetin-8 was confirmed with morphological analysis using Giemsa staining, NBT reduction test, esterase activity assay, phagocytosis and expression of cell surface antigens. Furthermore, p21
CIP1 expression was up-regulated by saucernetin-8 whereas c-myc proteins were down-regulated. In addition, our previous study (unpublished data) demonstrated that saucernetin-8 is able to induce apoptosis in HL-60 cells. Taken together with the effects of apoptosis and differentiation in HL-60 cells, our results suggest that saucernetin-8 could be used as a potent chemoprevention and/or chemotherapy agent in HL-60 human promyelocytic leukemia cells. However, it remains unclear whether saucernetin-8 effectively induces the elimination of promalignant or malignant cells via differentiation and/or apoptosis in vivo.
Cell differentiation is regulated in a cell cycle-dependent manner. For example, the differentiation of hematopoietic cells is associated with a loss of cell cycling capacity, and the cells become arrested in the G 0 /G 1 phase of the cell cycle. 23) The cell cycle analysis revealed that saucernetin-8 could markedly induce a G 1 phase arrest in HL-60 cells, but had a reduction effect on the G 2 /M and S phases. Although the mechanism of differentiation induction by saucernetin-8 is not clear, it appears that p21 CIP1 plays an important role in modulation of the compound's cell differentiation activity. Inhibition of the G 1 /S transition induces growth arrest and monocyte differentiation of both HL-60 and U937 cells, which is mediated by a block of cell cycle progression at the G 1 phase. 24, 25) The p21 CIP1 protein is a cyclin-dependent kinase (CDK) inhibitor that is one of the regulators of cell cycle progression in the G 1 /S transition. Exposure of HL-60 cells to the differentiation-inducing agents 1a,25(OH) 2 D 3 and TPA causes transient overexpression of p21 CIP1 . 25, 26) Collectively, these findings indicate that p21 CIP1 induction occurs through a G 1 arrest mechanism, and they raise the possibility that differentiation-associated stimuli may be closely associated with the terminal differentiation of myeloid leukemic cells. In this regard, it is noteworthy that saucernetin-8 potentially induces p21
CIP1 protein and mRNA levels in a time-de- pendent manner.
The c-myc gene product is a nuclear protein and has been implicated in the control of normal cell growth as well as transformation, but its exact function is unknown. A decrease in c-myc mRNA has been demonstrated in vitro during chemically induced differentiation of various cell lines. 27) This decline was gradual or even biphasic as seen during the differentiation of the leukemia cell lines.
28) The inverse relationship between p21 CIP1 and c-myc expression after a lower concentration of saucernetin-8 treatment was anticipated, given the established role of c-myc in S-phase progression, 29) as well as in promotion of apoptosis. 30) This finding indicates a cooperative interaction between c-myc down-regulation and p21 CIP1 induction in the maturation process. Such a notion is consistent with the results of a recent report demonstrating that c-myc can act as a negative regulator of p21 CIP1 expression. 31) In summary, saucernetin-8 inhibits the cell proliferation of HL-60 cells by not only arresting the G 1 phase cell cycle in association with the induction of p21 CIP1/WAF1 and reduction of c-myc expression, but also by inducing differentiation. Finally, these results suggest that saucernetin-8 may be useful a drug to be investigated for treating leukemia patients.
